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在机电一体化领域，3D-MID（Three Dimensional - Molded Interconnect 
Devices，三维模塑互连器件）指的是一种创新性的工艺技术，它抛弃了传统的
电路板，直接在注塑成型的塑料壳体上集成机械和电子功能。激光直接成型
（Laser Direct Structuring）技术工艺是 MID 目前 先进和成熟的制造工艺，但
是 LDS 工艺还有很多的应用局限性，其中 LDS 设备还存在一定的缺陷，同时
在 LDS 加工仿真 CAM 系统的开发十分欠缺，需要投入更多的研究。 
本文阐述了国内外 MID 激光直接成型设备及加工仿真 CAM 系统开发的现
状和存在的问题，基于 Open CASCADE 三维造型核心进行 MID 激光直接成型
CAM 系统开发，主要研究内容如下： 
（1）对 MID 激光直接成型加工仿真 CAM 系统进行框架结构设计，基于
Open CASCADE 和 MFC 完成 CAM 系统的界面设计，并在系统中实现了基本
建模、布尔运算、CAD 模型数据交换、实体选取操作等基本功能模块。 


































在 NC 代码输出模块，结合路径规划及加工仿真的结果，自动生成 NC 加工代
码，为后续的 MID 激光直接成型设备的实际加工奠定基础。 
 

















3D-MID (Three Dimensional - Molded Interconnect Devices) is an innovative 
technology in the field of mechatronics. It abandons the conventional circuit boards 
and integrates the mechanical and electronic functions directly on injection molded 
thermoplastics. Laser direct structuring is the most advanced technology and mature 
in MID manufacture, but there are many limitations in applications, there are still 
some flaws in LDS equipment and the development of CAM system for LDS 
simulation is lacking, more reseach is needed. 
In this paper, the research status and existing defects of MID laser direct 
structuring (LDS) equipment and CAM system have been analysed, then the CAM 
system of MID laser direct structuring has been developed based on Open 
CASCADE, and the main research contents of the paper are as follows: 
(1) The CAM system framework of MID laser direct structuring is designed, 
and the CAM system of LDS has been developed in the paper which is based on 
Open CASCADE and MFC. In the system, the functions of entity selection 
operation, basic geometry modeling, boolen operation and data exchange have been 
realized.   
(2) The integrated design idea is determined for MID laser direct structuring 
(LDS) equipment, and the modular design method is used for the overall structure 
design of MID LDS equipment. The overall structure design of MID LDS 
equipments which is combined with the advantages and disadvantages of the 
existing laser processing equipment and five-axis NC machine tools. Combine the 
galvanometric scanning system and 5-axis workbench to achieve five-axis laser 
procesing, in order to meet the MID LDS technology requirements. Finally, consider 


















(3) For the needs of modular design and subsequent simulation, the virtual 
modeling method of MID laser direct structuring (LDS) equipment is proposed, and 
the virtual model and kinematics model of LDS equipment is establish. In terms of 
refinement of LDS equipment model, in order to refine the model in CAM system, 
an interface with simulation system and SolidWorks is developed based on that the 
key compents and assembly equipment of laser direct structuring are complete by 
SolidWorks. 
(4) The kinematics analysis of MID LDS equipment have been carried out in 
this paper, which including the kinematics analysis of 5-aixs workbench and 
kinematics analysis of galvanometric scanning system. According to the results of 
kinematic analysis, the description of the five-axis structure and galvanometer 
scanning system how to work in the three-dimensional circuits LDS process is made, 
which lay a foundation for the development of simulation module. 
(5) In this paper, the modules of drawing the circuit in three-dimensional matrix 
and the simulation of laser direct structuring process and NC code output are 
developed. In the three-dimensional circuit drawing module, complete the 
interactive features to establishment circuit, which uses the rubber band technique to 
achieve the function of dynamic mapping the circuit. In the LDS simulation module, 
the circuits’ path generation of three-dimensional laser machining process is 
achieved, and the algorithm of path planning, by the simulation examples of LDS 
machining process, the correctness and rationality of circuit processing path 
generation and path planning algorithm are verified. In the NC code output module, 
combine with the results of path planning and processing of simulation, the NC 
machining code is automatically generated, which lay a foundation for the actual 
processing of subsequent MID Laser Direct Structuring equipment. 
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